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1 

ADAPTIVE DIRECTIONAL NOISE CANCELING MICROPHONE SYSTEM 



BACKGROUND AND PRIOR ART 



1 . Field of the Invention 



This invention relates to an adaptive directional noise 
canceling microphone system with high spatial selectivity 

10 and, more particularly, to an adaptive directional microphone 
system capable of canceling the undesired signals from the 
first directions and remaining the desired signal from the 
second directions, and to a hand-free high spatial 
selectivity microphone, such as for use with a computer voice 

15 input system, a hand-free communication voice input system, 
or the like* 

2 . Description of the Related Art 

20 A directional microphone system is a microphone system having 
a directivity pattern. The directivity pattern describes the 
directional microphone system's sensitivity to sound pressure 
from different directions. It can provide higher gain at some 
wider areas in direction normally around the front direction 

25 (0°-axis) (in the present invention, referred to as the first 
directions) and lower gain or even null at some other 
directions normally around the back direction (referred to as 
the second directions in the present invention) . The purpose 
of the directional microphone system is to receive sound 

30 pressure originating from a desirable sound source, such as 
speech, and attenuate sound pressure originating from 
undesirable sound sources, such as noise. The directional 
microphone system is typically used in noisy environments, 
such as a vehicle or a public place. 



Directional microphones receiving a maximum amount of desired 
sound from a desired direction and meanwhile rejecting 
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undesired noise at a second or null direction, are generally 
well known, in the prior art. Examples include cardioid-type 
directional microphones, such as cardioid, hyper- cardioid and 
super- cardioid directional microphones. However, those 
5 microphones are of very broad main beam and very narrow null. 
In many applications such as computer voice input system or 
the like, a directional microphone system, which has a narrow 
main beam with much higher gain than that in the other 
directions, is required to acquire only the desired sound 
10 from one direction and suppress the undesired noise from the 
any other directions. 

One known technique for achieving directionality is through 
the use of a first -order-gradient (FOG) microphone element 

15 which comprises a movable diaphragm with front and back 
surfaces enclosed within a capsule. The prior arts of 
directional microphones, such as in U.S. Patents US 
4,742,548, US 5,121,426, US 5,226,076 and US 5,703,957, etc., 
only can provide a null with very low gain at certain narrow 

20 directions but a beam with high gain at broad directions. In 
applications for such a microphone, the null of the 
microphone must be towards the undesired noise source and 
meanwhile the desired sound source should be positioned at 
the first directions of the microphone. However, in practice, 

25 the arrangement is somewhat cumbersome because sometimes it 
is difficult to arrange the undesired noise source and 
desired sound source as above and moreover the noise may not 
come from a fixed direction. For example, there may be 
multiple noise sources from different directions or 

3 0 distributed noise source. 

SUMMARY OF THE INVENTION 

35 It is accordingly an object of the present invention to 

provide an adaptive directional noise canceling microphone 
system that is of a narrow main beam with much higher gain 
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than other directions, that is, to provide an adaptive 
directional noise canceling microphone system to be able to 
achieve a good directivity pattern. 

5 In order to achieve this object, the present invention 

provides an adaptive directional noise canceling microphone 
system with a very narrow main beam by integrating an omni- 
directional microphone and a normal directional microphone, 
such as cardioid-type directional microphone, together in a 
10 closely acoustically-coupled way. Furthermore, it also 

provides a case specially designed for the microphone system 
to enhance its performance. 

More specifically, it is an object of the invention to 
15 provide a noise canceling microphone system which comprises 
an omni- directional microphone and a normal (e.g. cardioid- 
type) directional microphone, preamplifiers, A/D converters, 
a D/A converter, an adaptive filtering circuit and, 
additionally, a specially designed case. 

20 

Adaptive noise canceling filters are used to remain the 
desired signals from the second directions of the directional 
microphone and cancel the undesired signals from the first 
directions. A well-known technique for an adaptive noise 
25 canceler proposed by Widrow et al . , was described in an 

article entitled "Adaptive Noise Canceling: Principles and 
Applications", Proceedings of IEEE, vol.63, No. 12, Dec. 1975. 

Other objects, features and advantages according to the 
30 present invention will be presented in the following detailed 
description of the illustrated embodiments when read in 
conjunction with the accompanying drawings. 

35 BRIEF DESCRIPTION OF THE DRAWINGS 
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PIG. 1 shows a perspective view of a directional microphone 
in the prior art; 

FIG. 2 shows a top view of the directional microphone of 
FIG. 1; 

FIG. 3 illustrates, in a table form, characteristics 

associated with a cardioid-type directional microphone 
for different values of B in the prior art; 

FIG. 4 shows a combination of a top view and a structure 
diagram; 

FIG. 5 shows a perspective view of the present invention for 
the example of using a cardioid directional microphone 
(Column "CARDIOID" in Figure 3) ; 

FIG. 6 illustrates a structure diagram of an embodiment of 
the present invention for the example of using a 
cardioid directional microphone; 

FIG. 7 and 8 illustrate schematic diagrams of adaptive 
filtering circuits within said embodiment; 

FIG. 9 illustrates a case structure specially designed for 

the directional microphone in the present invention for 
the example of using a cardioid directional microphone. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE 

INVENTION 

FIG. 1 shows a perspective view of a directional microphone 
apparatus in the prior art of U.S. Patent 5,226,076. The 
directional microphone apparatus 2 has a housing 36 for a FOG 
microphone element 38 that effectively extends the distance 
(we refer it to d hereafter) between sound ports of the FOG 
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microphone element 3 8 contained therein. The housing 36 is 
made from an acoustically opaque material which does not 
transmit sound pressure as efficiently as air. However, the 
housing includes openings 32 and 33 which admit sound 
5 pressure, via acoustically transparent channels 34 and 35, 
into the cavity where the microphone element 3 8 resides. 
Microphone element 38 includes a pair of wires 37. The 
housing 3 6 is sized to form a seal with the microphone 
element 38 so that the sound pressure in one of the channels 
10 (e.g., 34) is not leaked to the other channel (e.g., 35) 
around the microphone element 38. 

FIG. 2 is a top view of said directional microphone apparatus 
2 that illustrates its general shape. The first directions 
15 are normally referred to a broad area around the front 
direction in the PIG. 1 and PIG. 2. 

Generally, the directivity pattern D( ) associated with FOG 
and cardioid-type microphones operating in far field, and 
20 where kd < 1, is given by the following equation: 

/A x 1 + B • cos(e) /- x 

D(E) = — , ( 1 ) 

' !• + B 

where k = 2 f/c, d is the difference between said two sound 
25 ports of a directional microphone system, is a polar 

orientation of the improving wavefront with respect to the 
major axis of the microphone, c is the wave velocity, f is 
the frequency of sound, B = (d/c) / (R a C a ) / c a is acoustic 
compliance (similar to capacitance) and R a is acoustic 
30 resistance. The parameter B alters the directivity pattern. 

FIG. 3, which is also shown and described in US-A 5,121,426 
and in US-A 5,226,076 (said descriptions are incorporated 
herewith by references) illustrates the directivity pattern 
35 associated with the cardioid-type microphones for different 
values of B. Each one in this table has its own set of 
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characteristics such as 1) the direction of its null; 2) 
distance factor; and .3) front -to-back response ratio, etc. 
When B = 1, the directivity pattern is cardioid, which has a 
very broad main beam, a null at 180° and infinite front- to- 
5 back response ratio. 

An omni-directional microphone can receive sounds from any 
directions with a same similar gain, but a FOG or cardioid - 
type directional microphone can receive sounds from any 

10 directions with a similar gain except the null or second 

directions* Ideally the cardioid-type directional microphone 
can not receive any sounds from the null directions or can 
receive sounds with much lower gains from second directions. 
If an omni-directional microphone is adhered to a cardioid- 

15 type directional microphone in closely acoustically-coupled 
way and a proper adaptive filtering circuit is applied, only 
sounds from the null or second directions will be remained 
and the sounds from the any other directions will be 
canceled. Here closely acoustically-coixpled way means that 

2 0 the acoustic signals received by the two microphones are 

fully or highly correlated each other. 

FIG. 4 illustrates a combination of a top view on a case 36 
for an omni-directional microphones 1, said directional 
25 microphone 2 and the structure diagram of the present 
invention. The sounds received by the omni-directional 
microphone 1 are amplified by a first preamplifier 3 and then 
converted to a first digital signal ml (n) by a first A/D 
converter 5 . The sounds received by said directional 

3 0 microphone 2 are amplified by a second preamplifier 4 and 

then converted to a second digital signal m2 (n) by a second 
A/D converter 6. Both of said digital signals ml (n) and m2 (n) 
are sent to an adaptive filtering circuit 7, The result 
signal after processing is outputted at the output 9 through 
35 a D/A converter 8. If a sound comes from the second 

direction, the omni-directional microphone 1 can receive it 
with a quite high gain, but said directional microphone 2 can 
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not receive it or only can receive it with a much lower gain. 
On the other hand, if the same sound comes from any other 
directions, both the microphones 1 and 2 can receive it with 
similar gains and moreover the received signals from both 
microphones 1, 2 are highly correlated. So when a desired 
sound comes from the second direction and meanwhile undesired 
sounds come from the other directions, the undesired sounds 
can be canceled and the desired sound can be remained by said 
adaptive filtering circuit 7 in the noise canceling 
microphone system in the present invention. 

It was found that when sounds only come from the first 
directions, said digital signals ml (n) and m2 (n) are highly 
correlated to each other. On the other hand, they are only 
weakly correlated when the same sounds only come from the 
second directions. In addition, for said directional 
microphone 2, the gain of the first directions is much higher 
than that of the second directions . Using the information 
above, said adaptive filtering circuit 7 cancels the 
component in said first digital signal ml (n) , the digital 
signal from said omni- directional microphone 1, due to the 
sounds coming from the first directions and remains the 
component in said first digital signal ml (n) due to the 
sounds coming from the second directions while said second 
digital signal m2 (n) , the digital signal from said 
directional microphone 2, is used as a reference signal, 

FIG. 5 illustrates an example that said directional 
microphone 2 is a cardioid directional microphone as 
described in Column "CARDIOID" in Figure 3 . An adaptive 
directional noise canceling microphone system according to 
the present invention includes an omni-directional microphone 
1 with a directivity pattern 21 and a cardioid directional 
microphone 2 with a directivity pattern 22 . Said two 
microphones 1 and 2 are adhered to each other in a closely 
acoustically- coupled way. There are two (pairs of) wires 23 
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and 24 to capture the signals from the two microphones 1 and 
2 , respectively. 

PIG. 6 illustrates the structure diagram of an embodiment of 
the present invention for the example of Figure 5. Said omni- 
directional microphone 1 is adhered to said directional 
microphone 2. The sounds received by said omni -directional 
microphone 1 are amplified by said first preamplifier 3 and 
then converted to said first digital signal ml (n) by said 
first A/D converter 5. The sounds received by said cardioid 
directional microphone 2 are amplified by said second 
preamplifier 4 and then converted to said second digital 
signal m2 (n) by said second A/D converter 6. Both of said 
digital signals ml (n) and m2 (n) are sent to said adaptive 
filtering circuit 7 . The result signal after processing is 
outputted at the output 9 through said D/A converter 8. If a 
sound comes from the null direction (180°) , said omni- 
directional microphone 1 can receive it with a quite high 
gain, but said cardioid directional microphone 2 can not 
receive it or only can receive it with a very low gain. On 
the other hand, if the same sound comes from any other 
directions, both said microphones 1 and 2 can receive it with 
similar ' gains and moreover the received signals from both 
microphones 1, 2 are highly correlated. So when a desired 
sound comes from the null direction and meanwhile undesired 
sounds come from the other directions, the undesired sounds 
can be canceled and the desired sound can be remained by said 
adaptive filtering circuit 7 in the noise canceling 
microphone system in the present invention. 

FIG. 7 illustrates a scheme for the operation of said 
adaptive filtering circuit 7, associated with said omni- 
directional microphone 1 and said directional microphone 2 as 
a first embodiment of said adaptive filtering circuit 7 . Said 
first digital signal ml (n) is delayed a predetermined number 
of (A £: 0) samples by a delay circuit 73 to generate a 
delayed signal ml (n- } . Said adaptive filter 71 is used to 
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estimate the component in said delayed signal ml (n- ) due to 
the sounds coming from the first directions and outputs said 
filter output signal yl (n) . Said delayed signal ml (n- ) is 
subtracted by said filter output signal yl (n) at said adder 
72 to get said error signal el (n) . Said adaptive filter 71 
receives said second digital signal m2 (n) as reference signal 
and said error signal el (n) to update its coefficient based 
on said step size ul. Said error signal el (n) is outputted as 
a result of this operation. If said second digital signal 
m2 (n) contains only the component due to the sounds coming 
from the first directions, the scheme can provide a good 
result. However, in practice, while said second digital 
signal m2 (n) contains mainly the component due to the sounds 
coming from the first directions, it also may contain the 
component due to the sounds coming from the second 
directions. In this case, the performance of this scheme 
could be degraded. 

FIG. 8 illustrates another scheme for the operation of said 
20 adaptive filtering circuit 7, in which cross-talk adaptive 
filters 71, 74 are used. Said first digital signal ml (n) is 
delayed (A > 0) samples by said delay circuit 73 to 
generate said delayed signal ml (n- ). Said adaptive filter 71 
is used to estimate the component in said delayed signal 
25 ml (n- ) due to the sounds coming from the first directions 
while an additional adaptive filter 74 is used to estimate 
the component in said second digital signal m2 (n) due to the 
sounds coming from the second directions. Said delayed signal 
ml (n- ) is subtracted by said filter output signal yl (n) of 
30 said (first) adaptive filter 71 at said adder 72 to get said 
error signal el (n) . Said second digital signal m2 (n) is 
subtracted by an additional filter output signal y2 (n) of 
said additional adaptive filter 74 at an additional adder 75 
to get an additional error signal e2 (n) . Said first adaptive 
35 filter 71 uses said additional error signal e2 (n) as its 

reference, said first error signal el (n) as its error signal 
and ul as its step size to update its coefficients. 
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Similarly, said additional adaptive filter 74 uses said 
(first) error signal el (n) as its reference, said additional 
error signal e2 (n) as its error signal and u2 as its step 
size to update its coefficients. Said step sizes ul and u2 
can be fixed or variable. After said adaptive filters 71 and 
74 converge, said adaptive filter 71 can estimate the 
component in said delayed signal ml (n- ) due to the sounds 
coming from the first directions and said adaptive filter 74 
can estimate the component in said second digital signal 
m2 (n) due to the sounds coming from the second directions. As 
a result, said (first) error signal el (n) is the signal 
coming from the second directions which suppresses the sounds 
coming from the first directions and which is outputted as 
the result of said adaptive filter circuit 7. 

FIG. 9 illustrates a case designed for the noise canceling 
microphone system for the example of Figure 5. The case 11 is 
a rectangular or cylindric box. In the design, the outer 
surface 12 of the case 11 is made of acoustically shielded 
material to prevent the sounds from going through. There are 
two openings 13 and 14 at the two ends of the case 11 which 
admit sounds via acoustically transparent channels 15 and 16, 
into cavity where said two microphones 1 and 2 reside 
together. A seal 17 is formed with said two microphones 1 and 
2 by acoustically shielded material so that the sound in the 
channel 15 is not leaked to the channel 16 or vice versa. The 
design of the case 11 allows the sounds from around the front 
to arrive at said two microphones 1, 2 from the direct front 
(0°) and the sounds from around the back to arrive at said 
two microphones 1, 2 from the null direction (180°) . 

In the practical applications, the desired sound should be 
located at the second (or null) direction as closely as 
possible so that the output of the noise canceling microphone 
system can remain the desired sound and suppress the 
undesired sounds from any other directions. 
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CLAIMS 

What is claimed is: 

1. An adaptive directional noise canceling microphone system 
comprising: 

• an omni-directional microphone (1) for receiving sounds 
from any direction with a same or very similar gain; 

• a directional microphone (2) , which has a very broad main 
beam with higher gain and a narrow beam with lower or 
even null gain at the second directions, for receiving 
sounds from the main beam and rejecting or suppressing 
the sounds from the beam at the second directions; and 

• said microphones (1, 2) being arranged in a closely 
acoustically-coupled way. 

2. The adaptive directional noise canceling microphone system 
according to claim 1, 

wherein the directional microphone (2) is a first-order 
gradient (FOG) directional microphone or a cardioid 
directional microphone or the like. 

3 . The adaptive directional noise canceling microphone system 
according to claim 1 or 2, further comprising: 

• a signal output (9) for providing a result signal; 

• an adaptive filtering circuit (7) for receiving first and 
second digital signals (ml (n) , m2 (n) ) originating from 
said microphones (1, 2), and estimating the desired 
signal to thereby outputting it as said result signal, 

4 . The adaptive directional noise canceling microphone system 
according to claim 3, further comprising: 

• first and second preamplifiers (3 7 4) for receiving and 
amplifying signals resulting from sounds received by said 
microphones (1, 2) ; and 
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• first and second A/D converters (5, 6) receiving said 
received and amplified signals and outputting said first 
and second digital signals {ml (n) , m2 (n) ) . 

5. The adaptive directional noise canceling microphone system 
according to claim 3 or 4, 

wherein said adaptive filtering circuit (7) comprises an 
adaptive filter (71) and an adder (72) , said adaptive filter 

(71) being inputted by said second digital signal (m2 (n) ) , by 
a step size signal (ul) and by an error signal (el (n) ) and 
outputting a filter output signal (yl (n) ) , said adder (72) 
being inputted by said first digital signal (ml (n) ) and by 
said filter output signal (yl (n) ) and outputting said error 
signal (el (n) ) as said result signal of said adaptive 
filtering circuit (7) - 

6. The adaptive directional noise canceling microphone system 
according to claim 5/ 

further comprising a delay circuit (73) being inputted by 
said first digital signal (ml (n) ) providing a delayed digital 
signal (ml (n- )) (A > 0) as an input signal for said adder 

(72) instead of said first digital signal (ml (n) ) . 

7. The adaptive directional noise canceling microphone system 
according to claim 5 or 6, 

• further comprising an additional adaptive filter circuit 

(74) and an additional adder (75) , said additional adder 

(75) being arranged between said second digital signal 
(m2 (n) ) as its input signal and said adaptive filter 
(71) ; 

• said additional adder (75) providing an additional error 
signal (e2 (n) ) at its output, which is fed to both of 
said adaptive filter circuits (71, 74) , and receiving an 
additional filter output signal (y2 (n) ) provided by said 
additional adaptive filter circuit (74) . 



1 
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8. The adaptive directional noise canceling microphone system 
according to any of the claims 3 to 7, 

wherein each of said adaptive filter circuits (71, 74) 
further comprise an input for a respective step size signal 
5 (ul, u2) . 

9. An adaptive directional noise canceling microphone system 
comprising: 

• a directional microphone (2) , which has a higher gain at 
one or more first directions and a lower gain even null 
at one or more second directions, for receiving sounds 
coming from said first directions and second directions; 

• an omni -directional microphone (1) , which is adhered to 
said directional microphone (2) in a closely acoustically 
coupled way, for receiving the same sounds from any 
directions; 

• a signal output (9) for providing a result signal; 

• an adaptive filtering circuit (7) for processing digital 
signals (ml (n) , m2 (n) ) acquired by said two microphones 
(1, 2), delaying that one (ml (n) ) of said digital signals 
(ml(n), m2 (n) ) from said omni -directional microphone (1) 
for a number of predetermined samples by a delay 
circuit (73) and estimating the desired signal as an 
error signal (el (n) ) to thereby output it to the signal 
output . 

10. The adaptive directional noise canceling microphone 
system according to any of the preceding claims, 
further comprising a case (11) specially designed for the 

3 0 noise canceling microphone system for allowing the sounds from 
around the front to arrive at said two microphones (1, 2) from 
the direct front direction (0°) and the sounds from around the 
back to arrive at said two microphones (1, 2) from the null 
direction. 

35 

11. The adaptive directional noise canceling microphone 
system according to claim 10, 



WO 01/95666 



PCT/SGOO/00080 



wherein said case (11) comprises two acoustically transparent 
channels (15, 16) adjacent to each other , but acoustically 
isolated from each other, whereby said two microphones (1, 2) 
are arranged between said two acoustically transparent 
channels (15, 16) , surrounded by a seal (17) acoustically 
shielding said two acoustically transparent channels (15, 16) 
from each other . 

12 - The adaptive directional noise canceling microphone 
system according to claim 10 or 11 , 

wherein an outer surface of said case (11) is of an 
acoustically shielding material. 
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Directivity pattern of cardioid-type directional microphone 
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